Soukhova-O'Hare, Galia K., Zixi (Jack) Cheng, Andrew M. Roberts, and David Gozal. Postnatal intermittent hypoxia alters baroreflex function in adult rats. Am J Physiol Heart Circ Physiol 290: H1157-H1164, 2006. First published September 9, 2005 doi:10.1152/ajpheart.00767.2005.-Chronic perinatal intermittent hypoxia (IH) could have long-term cardiovascular effects by altering baroreflex function. To examine this hypothesis, we exposed rats (n ϭ 6/group) for postnatal days 1-30 or prenatal embryonic days 5-21 to IH (8% ambient O2 for 90 s after 90 s of 21% of O2, 12 h/day) or to normoxia (control). Baroreflex sensitivity (BRS) and cardiac chronotropic responses were examined in anesthetized animals 3.5-5 mo later by infusing phenylephrine or sodium nitroprusside (6 -12 g/min iv, 1-2 min) during normoxia and after 18 min of acute IH (IHA). In controls after IHA, baroreflex gain was 42% (P Ͻ 0.05) less than during normoxia. BRS in the postnatal IH group during normoxia was ϳ50% less than in control rats and similar to controls after IHA. The heart rate response to phenylephrine in the IH group was also less than in controls (P Ͻ 0.05) and was not changed by IHA. BRS and heart rate responses in the prenatal IH group were similar to the normoxic control group. Vagal efferent projections to atrial ganglia neurons in rats after postnatal IH (n ϭ 4) were examined by injecting tracer into the left nucleus ambiguus. After 35 days of postnatal IH, basket ending density was reduced by 17% (P Ͻ 0.001) and vagal axon varicose contacts by 56% (P Ͻ 0.001) compared with controls. We conclude that reduction of vagal efferent projections in cardiac ganglia could be a cause of long-term modifications in baroreflex function.
RECURRENT APNEAS THAT CAUSE oxygen desaturation and bradycardia are often present in preterm infants (33) . However, the long-term effects of neonatal intermittent hypoxia (IH) on cardiovascular regulation and sympathovagal balance are not well known. Adults who experience IH during sleep-disordered breathing such as obstructive sleep apnea have a high risk of developing hypertension, myocardial ischemia, and heart failure (40, 52) . Sympathetic overactivity, decreased baroreflex sensitivity (BRS), and decreased heart rate variability have been found in these patients (6, 30, 36, 37, 46) . In a rodent model of obstructive sleep apnea, Fletcher et al. (16) demonstrated blood pressure elevation after 30-day exposure to IH. Involvement of the sympathetic efferent arm of the arterial chemoreflex arc was suggested by prevention of the blood pressure response after pharmacological sympathetic blockade or carotid body deafferentiation (16 -19, 50) . On the other hand, withdrawal of parasympathetic activity could also contribute to the alteration of sympathovagal balance observed in obstructive sleep apnea, as shown by power spectrum analysis of heart rate variability (26, 35, 55) .
Perinatal susceptibility to hypoxia is characterized by the developmental window of vulnerability. Thus the presence of normoxia during the first 7-10 days of postnatal life in rats is critical for development of chemoreceptor sensitivity (1, 2, 7, 15, 29) . Hypoxia causes injury to the developing brain (22, 34, 57) and could target structures involved in cardiovascular reflexes (4, 13, 32, 49) . For example, neonatal rats demonstrate an increased chemoreceptor response to hypoxia after different paradigms of chronic IH (41, 45) .
The nucleus tractus solitarius (NTS) is a major projection site for chemo-and baroreceptors (5, 53) and has direct and indirect connections with presympathetic neurons of the rostral medulla (5, 23) as well as with cardiac vagal premotor nuclei, such as the nucleus ambiguus (NA) and the dorsal motor nucleus of the vagus (DmnX). Tonic and reflex activities of the NA primarily determine the resting heart rate, respiratory sinus arrhythmia, and baroreflex function (47) . In rats, parasympathetic tone appears toward the second postnatal week and increases throughout development due to maturation of neural centers and peripheral reflexes (8, 13) .
Activation of barosensitive neurons in the NTS involves N-methyl-D-aspartate (NMDA) and non-NMDA glutamate receptors (49) . NMDA receptors are primarily involved in the bradycardia rather than in the pressor responses to chemoreceptor activation (24) . IH has also been found to increase apoptosis in NMDA receptor-channel complexes containing neurons, including the NTS and DmnX, in the neonatal piglet brain stem (32) . Because NMDA receptors are implicated in the development of specific patterns of synaptic connectivity, the susceptibility of the developing brain to IH may cause profound alterations in cardiovascular control functions later in life.
In the present study, we investigated the hypothesis that neonatal IH is associated with long-term impairment of baroreflex control of heart rate. In 3.5-to 5-mo-old Sprague-Dawley rats exposed to IH during the initial 30 neonatal days of life, there were fewer cardiac vagal projections and reduced baroreflex control of heart rate. In contrast, prenatal exposures to IH did not significantly change baroreflex function.
METHODS
Animal groups. Experimental protocols were approved by the Institutional Animal Use and Care Committee at the University of Louisville and were in accordance with National Institutes of Health requirements on the care and use of laboratory animals.
Male littermates from time-pregnant Sprague-Dawley rats (Charles River, Wilmington, MA) were grouped (n ϭ 6) as follows: RAIH, which were born in normoxia [room air (RA)] and exposed to chronic IH for postnatal days 1-30; RARA, which were born in normoxia and housed in normoxia; and IHRA, which were born from time-pregnant Sprague-Dawley rats exposed to IH during embryonic days 5-21 and then housed in RA.
Chronic IH exposures. Animals were exposed to IH in chambers with a 12:12-h light-dark cycle (Oxycycler model A44XO; Biospherix, Redfield, NY), using an oxygenation profile that mimics those experienced by patients with obstructive sleep apnea syndrome during sleep (21, 22, 45, 51) . The IH pattern was controlled by a computerized system that alternated between 21% and 8% oxygen every 90 s for 12 h/day and kept at 21% O 2 for 12 h of night time. Ambient CO 2 in the chamber was periodically monitored and maintained at 0.03%, and ambient temperature was 22-24°C.
Surgical procedures and cardiovascular recordings. Rats were anesthetized with pentobarbital sodium (50 mg/kg ip). The trachea was cannulated and rats breathed spontaneously. Body temperature was maintained at 37.5°C with a homeostatic blanket (Harvard) and a rectal probe. Polyethylene catheters (PE-50) were placed in a femoral artery to monitor mean arterial pressure (MAP) and in a vein to infuse phenylephrine (PE) or sodium nitroprusside (SNP). The hind paw pinch withdrawal reflexes were tested, and supplemental doses of pentobarbital sodium (10 mg/kg) were given as needed. MAP was measured by pressure transducers and amplifiers (model P23db; Statham Laboratories, Hato Rey, Puerto Rico, or Buxco with preamplifier model MAX II 2270; Buxco Electronics, Troy, NY). Heart rate was measured by a tachograph (model 7P4H; Grass Instrument, Quincy, MA) triggered from the arterial pressure pulse. MAP and heart rate were recorded by a polygraph (model 7, Grass), and beat-to-beat analog signals were digitized and recorded for subsequent offline analyses.
Analysis of baroreflex function. Baroreflex function was assessed when rats were 3.5-5 mo old and included evaluation of baseline heart rate, MAP, BRS, heart rate variability (maximal range of heart rate) during PE and SNP challenges, and the chronotropic response to PE (changes in heart rate). These variables were measured in RA and in RA after acute IH (IHA; six 90-s cycles of 10% O2 alternating with 21% O2).
SNP and PE (Sigma, St. Louis, MO) were freshly prepared, diluted in 0.9% NaCl, and infused by a syringe pump (Sp101i; Stoelting) for 1-2 min (6 -12 g/min) to achieve a heart rate plateau. Infusions were repeated three or four times to obtain an average response for each animal. At least 10 -15 min were allowed between infusions for MAP and heart rate to return to baseline. Baseline MAP and heart rate were measured from a 20-s interval before infusion. The heart rate response was measured at the heart rate plateau, and the MAP response was measured at the point corresponding to the beginning of the heart rate plateau. Data were plotted as change in heart rate vs. changes in MAP in response to PE or SNP.
Data analyses. Because the heart rate-MAP relationship can be approximated by a sigmoidal logistic curve (28), we applied regression analysis to the linear part of the responses for each animal to calculate the slope of the regression line, which was used as an index of BRS or baroreflex gain for the group. The responses were studied in RA and in IHA (18 min). Responses of groups to IHA were compared using two-way ANOVA followed by Newman-Keuls post hoc tests, and responses within each group were analyzed with Student's t-tests. Data are presented as means Ϯ SE. Statistical significance was considered at the level of P Ͻ 0.05.
Neuroanatomical studies. Vagal axon tracing was done in RAIH (n ϭ 4) and in RARA (n ϭ 4) rats, as previously described (10, 11) . Animals (3-5 mo old) from both groups received a series of unilateral injections of the tracer 1,1Ј-dioleyl-3,3,3Ј,3Ј-tetramethylindocarbocyanine methanesulfonate (DiI) (rhodamine red, catalog no. 3886; Molecular Probes, Eugene, OR) into the left NA. Fluorogold (FG; 1 ml of 2 mg/ml ip) was injected to counterstain cardiac ganglia. To ensure the accuracy of DiI injection into the NA, in a reference group (n ϭ 3) with similar body weight, FG (3 mg/ml, 5 l) was injected into the left cervical vagal trunk to label NA motoneurons, followed by DiI injection into the left NA. The reference group was killed 5 days after FG injection, and the experimental group was killed 21 days after DiI injections (time necessary for DiI transportation to axons terminals). Brain stem tissue and atrial specimens were used to analyze NA axons and terminals in cardiac ganglionic cells.
Animals were anesthetized with pentobarbital sodium (50 mg/kg ip), treated with atropine (1 mg/kg sc), and placed in a stereotaxic apparatus. Dorsal incisions were made over the neck muscles to expose the atlanto-occipital membrane and the cisterna magna and dorsal medulla. The occipital bone was trimmed with a dental drill bit until the caudal cerebellum was visible. The caudal end of the area postrema was used as a reference for stereotaxic coordinates. A glass micropipette, filled with DiI and connected to a picospritzer, was advanced to the NA to inject DiI in small aliquots at nine different sites (Ϫ1,600 to ϩ1,600 m; total volume of 22.5-112.5 nl) separated 400 m longitudinally.
Tissue preparation. After 21 days, animals were reanesthetized with an overdose of pentobarbital sodium (100 mg/kg), which was perfused through the heart with 0.9% saline (300 ml) and phosphatebuffered (pH 7.4, 600 ml) 10% formalin. The atria were separated and cut open. The left atrium tissue block included the region of the junction with the pulmonary veins; the right atrium had the superior vena cava, inferior vena cava, and the left precava vein attached. The interatrial septum was separated from the atria. Using extreme care to avoid peeling the ganglionic plexuses from the dorsal surface of the atria, we gently removed tissues surrounding the heart. Tissues were then dehydrated through a graded series (70%, 90%, and 2ϫ 100%) of glycerin and mounted on slides with coverslips applied in 100% glycerin and n-propylgallate (5%) to prevent fading.
Data acquisition and analysis of vagal axonal terminals in cardiac ganglia. Cardiac ganglia specimens were screened with a conventional epifluorescent microscope equipped with filter cubes appropriate for DiI (rhodamine) and FG (UV). When DiI nerve fibers and endings were found in the cardiac ganglion at ϫ200 magnification, their locations were recorded for subsequent detailed confocal microscopic analysis at ϫ400 magnification. Vagal efferent terminals around ganglionic neurons were examined with a confocal microscope and digital tracing system (Neurolucida; MicroBright Field, Colchester, VT). For each group, 50 confocal images and 150 basketlike endings representing axon branching around the ganglionic cell were randomly selected. Basket endings with axon varicosities were digitized (see Fig. 5 ), and 10 montages of a series of confocal projections were made for each group.
RESULTS
Effect of IH on somatic growth. During the first postnatal days, IHRA rats weighed less than RAIH or RARA rats (Fig.  1) . However, at P15, the RAIH rats weighed less than the other groups. Growth recovery, although incomplete, was apparent in IHRA compared with RARA by postnatal day 30. However, RAIH rats exposed to IH during the first month of postnatal life demonstrated growth retardation. When IH exposure was discontinued after 30 days, their weight was ϳ25% less then the RARA group. After 3.5-5 mo, RAIH and IHRA rats still weighed less than RARA controls (343 Ϯ 8 g in RAIH, 357 Ϯ 7 g in IHRA, and 398 Ϯ 7 g in RARA; P Ͻ 0.01).
Effect of perinatal IH on blood pressure and BRS. In RARA, RAIH, and IHRA rats at ages 3.5-5 mo, MAP averaged 117 Ϯ 5, 113 Ϯ 5, and 120 Ϯ 4 mmHg, respectively. Neither MAP nor heart rate differed significantly between the groups (P Ͼ 0.05; Table 1 ). In RARA, BRS was significantly attenuated by IHA as indicated by a mean 42% decrease in the slope of the regression line compared with responses measured in RA (P Ͻ 0.05; Fig. 2 , RARA; Table 1 ). In contrast, RAIH rats that were exposed to IH during the neonatal period exhibited attenuated baroreflex gain in normoxia, which was not altered further by IHA (Fig. 2, RAIH) . BRS in RAIH rats was ϳ50% lower (P Ͻ 0.05) than in controls when measured in RA but was similar to the BRS of RARA measured after IHA (Figs. 2 and 3) . BRS in IHRA rats was not different from controls (Fig. 3, Table 1 ).
Effects of perinatal hypoxia on heart rate responses. Changes in heart rate in response to PE were smaller in RAIH than in RARA rats when responses were measured in RA (19 Ϯ 4 vs. 35 Ϯ 8 beats/min; P ϭ 0.04) and were not altered by IHA (Table 1, Fig. 4) . The heart rate responses to PE in RAIH rats were also less than in IHRA rats in RA (P ϭ 0.02; Fig. 3 ). Although the ranges of heart rate responses to PE and to SNP were smaller in the RAIH group than in the IHRA group, the differences did not reach statistical significance (P Ͼ 0.05). In the three treatment groups, IHA did not significantly change either MAP or heart rate compared with the baseline (RA). However, after IHA, heart rate responses to PE decreased in RARA and IHRA rats ( Table 1) .
Density of basket endings and terminal varicosities in atrial ganglia of IH and normoxia rats. In both RAIH and RARA groups, labeled vagal axons of NA projected to all cardiac ganglia and innervated individual ganglionic cells with basketlike endings. The left NA axons innervated 53% of the ganglionic neurons in normoxic control animals. Visual inspection of the montages showed that vagal innervation of cardiac ganglia in the RAIH group was much sparser, with fewer DiI terminals than in the RARA group (Figs. 5 and 6 ). This observation was confirmed by examining basket endings in randomly selected images and counting the number of ganglionic cells receiving DiI-labeled axons (basket endings) compared with those not receiving such projections. In 50 frames, the number of basket endings in RAIH was 558 compared with 622 for RARA, and the number of neurons not receiving DiI-labeled projections was 701 for RAIH and 546 for RARA. Overall, the percentage of basket endings was significantly less for RAIH than for RARA (44.3 Ϯ 2.0% and 53.3 Ϯ 2.5%, respectively; P Ͻ 0.001; Fig. 7A ). By randomly sampling 150 baskets from each group, we found that the vagal terminal varicosities in the IH group (Fig. 7B) were also significantly reduced in RAIH compared with RARA (72 Ϯ 4/neuron and 163 Ϯ 11/neuron, respectively; P Ͻ 0.001).
DISCUSSION
IH during the first 30 days of postnatal life induced a persistent and long-lasting reduction in baroreceptor control of heart rate, which was observed in adult Sprague-Dawley rats. In 3.5-to 5-mo-old RAIH rats, the decrease in heart rate in response to PE administration during normoxia was ϳ50% of that in control animals. The results also showed that the attenuated BRS and heart rate responses in RAIH rats were associated with a reduction of vagal efferent projections to the heart. Furthermore, after postnatal IH, the long-term reduction in BRS and heart rate responses were not further affected by acute exposures to IH.
Although heart rate responses to PE are primarily mediated by the vagus, it is possible that a sympathetic component could be significantly elevated after IH (19, 37, 50) . In association with enhanced sympathetic drive, reflex bradycardia increases due to elevation of vagal tone (31) . However, in conditions like hypertension and heart failure, vagal activity is diminished and baroreceptor control of heart rate is reduced mainly due to a reduced vagal component rather than by changes in sympathetic activity (25) . Although the present investigation reveals a chronic impairment in sympatho-vagal balance, specific ef- Fig. 1 . Effects of perinatal intermittent hypoxia (IH) on body weight in Sprague-Dawley rats. Bars indicate weight (means Ϯ SE; n ϭ 16 for each group) of control pups exposed to normoxia (RARA), pups exposed to prenatal IH during embryonic days 5-21 and then raised in normoxia (IHRA), and pups exposed to IH during postnatal days 1-30 and then raised in normoxia (RAIH). RA, room air. Values are means Ϯ SE. Variables and effects were measured in normoxia and after 18 min of acute intermittent hypoxia (IHA). MAP, baseline mean arterial pressure; HR, baseline heart rate; ⌬HRmax, range of heart rate changes taken as a combined phenylephrine (PE) and sodium nitroprusside (SNP) effects; RARA, pups born and reared in normoxia [room air (RA)]; RAIH, pups born in RA and exposed for 30 postnatal days to intermittent hypoxia; IHRA, rats exposed to IH during prenatal days 5-21 and then reared in normoxia. * † ‡ § Significant difference (P Ͻ 0.05) between the corresponding values.
fects on components of the baroreflex arc have not been investigated. Our neuroanatomical studies showed significant impairment of efferent cardiac vagal innervation after 30 days of postnatal IH. The density of the vagal axon projections in cardiac ganglia was only 83%. In addition, the density of axonal varicose terminals in RAIH animals was only 44% of that found in normoxic controls. In neonates, continuous maturation of peripheral reflexes and centers causes vagal tone to gradually develop (8, 13) . Therefore, by interfering with the development of efferent terminals to the heart, postnatal IH may have affected tonic and phasic vagal actions on the heart. It was shown that the conditions when cardiac vagal activity is diminished or unresponsive could include hypertension, heart failure, and sudden cardiac death (14, 54, 56 ).
The number of vagal axonal varicose terminals around cardiac ganglionic neurons is considered an estimate of the real number of synapses. However, ultrastructural examination might be required to determine whether a varicosity is a genuine synapse. Our combination of confocal microscopy and the analysis of the density of vagal efferent terminals with the number of varicose vagal contacts provided a novel technique to quantify the extent of vagal axon innervation. The densities of vagal basket endings and vagal varicose endings were both reduced by postnatal IH. It is possible that IH could interfere with some tracer transport mechanism and thus obscure the vagal projection to the heart. However, examination of cardiac tissues revealed that DiI fluorescence of vagal axons and terminals in RAIH animals were similar to those found in RARA animals (Figs. 5 and 6). Therefore, we believe that the reduced vagal terminal densities and numbers of varicose endings indeed represent a genuine loss of vagal terminals.
Our group (9) previously showed that NA axons form three times more basket endings in the atrial ganglia cells than DmnX axons. In addition, the finding that domoic acid lesions of the NA largely attenuated the baroreflex, whereas similar lesions of the DmnX did not affect the baroreflex (10, 12) , suggests that the NA is the major efferent component in the baroreflex loop and that IH-induced functional Fig. 2 . Baroreflex function of 3.5-to 5-mo-old RARA (A), RAIH (B), and IHRA (C) rats (n ϭ 6/group). Baroreflex sensitivity (BRS) was assessed from response to intravenous administration of phenylephrine (PE) and sodium nitroprusside during normoxia (RA) and after acute intermittent hypoxia (IHA; 18 min of 90-s intervals alternating between 10 and 21% O2). Changes in heart rate (⌬HR) and mean arterial pressure (⌬MAP) from baseline for each animal were plotted and fitted by linear regression. Solid lines represent responses during RA, and dashed lines represent responses during IHA. Note that, after IHA, the responses (slopes) of RARA (A) and IHRA (C) rats were less than responses during RA. bpm, Beats/minute. Fig. 3 . Comparison of BRS in 3.5-to 5-mo-old RARA, IHRA, and RAIH rats measured in normoxia. Bars represent slopes (means Ϯ SE) of regression lines or BRS in the 3 groups. *P Ͻ 0.05. Note that in the RAIH group the gain was about one-half of that of the other groups. Fig. 4 . HR responses to PE (means Ϯ SE) measured during normoxia (RA) and immediately after IHA (18 min, 90 s of 10% O2 alternating with 21% O2) in 3.5-to 5-mo-old RARA, RAIH, and IHRA Sprague-Dawley rats (n ϭ 6 per each group). *Significant reduction in ⌬HR after IHA in RARA group (Ϫ49%, P Ͻ 0.05); ‡significant reduction in ⌬HR after IHA in IHRA group (Ϫ62%, P Ͻ 0.05); †significant reduction (Ϫ56% and Ϫ57%, P Ͻ 0.05) in ⌬HR in RAIH rats compared respectively with RARA and RAIH rats. The HR effect to PE in RAIH rats was attenuated in RA and did not change after IHA.
deficits could be associated with the NA connections. Because the NA and DmnX project to completely different populations of cardiac ganglionic neurons (11), the DmnX may be involved in other cardiac functions. In contrast to the conventional concept that the cardiac ganglion is a simple relay station of the central nervous system, the cardiac ganglion is now considered as an integration center, which mediates local as well as central cardiac reflexes (43, 44) . Thus postnatal IH is associated with long-term functional and anatomical plasticity of the vagal network underlying the baroreflex response of the heart. Long-lasting forms of plasticity, also termed metaplasticity, have been previously reported for respiratory control systems following perinatal hyperoxia (3) and sustained hypoxia (1), as well as by gestational IH (21) . The present study is the first to demonstrate that metaplastic alterations can also develop in cardiovascular regulatory structures.
The mechanisms linking hypoxic episodes and reduced vagal efferent projections to the heart include increased generation of oxygen free radicals in the hypoxic tissue, causing cell membrane lipid peroxidation, protein oxidation, and nucleic acid oxidation (34, 57) . NMDA receptor-channel complexes, which can regulate neuronal cell death in the developing brain, demonstrate susceptibility to hypoxia that is restricted to a specific period of development (27, 32, 38) . Tissue hypoxia modifies NMDA receptors and results in increased Ca 2ϩ influx into the cell and nucleus that could alter transcription of specific genes responsible for the programmed cell death (27, 32) .
In 3.5-to 5-mo-old Sprague-Dawley rats, there were no long-term alterations in the resting MAP and heart rate. This indicates that, in normotensive rats, postnatal IH does not have a long-term effect on the setup point for the MAP or on the resting sympatho-vagal balance. However, regulatory deficits, such as a blunted heart rate baroreflex, were apparent after baroreflex activation in RAIH rats. This finding indicates that postnatal IH causes more of an impairment on a phasic component of the baroreflex than on a tonic component in normotensive rats. It should be emphasized, however, that heart rate changes reported herein in response to pressor and depressor pharmacological stimulation are not only due to arterial baroreceptors but also represent responses to vagal afferents innervating the heart. The latter were not specifically studied.
Although IHRA rats had BRS and heart rate responses that were similar to those in the control group, recovery of body weight in this group was not complete by 3.5-5 mo (20, 48) . These observations suggest that, with our exposure protocol, the oxidative stress experienced by the fetus was less when the mother was exposed to IH vs. if pups were directly exposed postnatally. Long-term consequences for cardiovascular function, however, were reported with regard to sustained prenatal hypoxia (10%) in rats exposed at embryonic days 5-20 (42) . Similar to our present results, in 12-wk-old rats, blood pressure and heart rate were not affected under the resting conditions; however, under cold stress, blood pressure and the variability of blood pressure and heart rate were increased (42) .
A limitation of the present investigation is that the results were obtained in anesthetized animals; therefore, the responses may be attenuated. Acute IH in the studied groups did not produce changes in baseline MAP or heart rate measured at the end of exposure in normoxia (Table 1) . Furthermore, direct vasodilator effects of acute hypoxia on vessel tone, as well as attenuation of sympathetic activitydue to anesthesia, could obscure the responses. However, the increased sympathetic component present in awake an- imals exposed to IH, which could interfere with the baroreflex response to PE by compensating the negative chronotropic effects, was avoided. We found strong evidence of impairment in vagal cardiac efferent projections associated with reduced BRS of heart rate control as a consequence of postnatal hypoxia. However, there may also be impairment in the central connectivity, as well as in signal processing dependent on afferent input, which have not been addressed by the present study.
Decreased BRS and a decreased range of negative chronotropic cardiac responses caused by IH may represent a mechanism for shifting MAP to higher levels. Indeed, the decreased BRS, characteristic of patients with obstructive sleep apnea, is often associated with elevated blood pressure (6, 39, 46) but can also occur at normal blood pressures (36) . Additional factors (including genetic predisposition) that are critical for hypertension, or other pathophysiological complications, might be involved in the further progression of cardiovascular disorders in obstructive sleep apnea. Our data demonstrate that postnatal IH exerts long-term cardiovascular consequences, which include reduced BRS, decreased overall range of heart rate responses, and the range of negative chronotropic responses. Remodeling of vagal cardiac nerve efferents to the heart occurs, which could be a morphological basis for baroreflex deficits caused by postnatal chronic IH. comparison of the number of vagal axon varicosities in the atrial ganglia of RA and IH rats. The number of varicose terminals on the ganglionic cells in IH animals was reduced by 56% (*P Ͻ 0.001). Efferent projections were evaluated in 2-mo-old rats. IH group was exposed for 30 postnatal days to IH.
